Toe Offioe of Bysings Econgmics b
vitally interested in mpraving the
messurerneot of the impaet of defense
aot[vity on the econony, ns reflocted in

.. the natipnal feeome and produst ne-
counts. The econcmettic work presented
in this articke indicates chat the time-of-
delivery method used fox revording most
defense transactions jn the natioos!
adcounts bas given ingdequaks slgrels of
the impast of defzose antivity eimes the
mid-1%4G0°s, The work promentod hare
suggesta the cxtont to which the IA
gertos pn defense purchases ond the
Feaderal facal position may have under-
stated hoth the expanzicoary impant of
defenae aotivity in the mid-1960'% and
the impact of the more recent decline.
These findings reinforpe the desirabllicy
of developlng better statisties boaring
or: thir subjest within the framewoerk
of tho natlonal income and prodioct
agpEtunts,

The wock desoribod hore wazs orig-
“jnally eartied gut by the authors a8 an
adjunck 1o & etudy by the Delenac
Departiment aimed &t implemoenling s
aecrual RoeoUnting aystom, AL tho time,
both authoe were on actlve duty as
ofcare in tha UL Navy Rogorvn,
assigned to the Office of the Assistant
Secrotary of e Navy for Financial
Management.

TH'E T8, economy hes hed to ndjust
in the recent past to lavge changes in
deferse activity, Government purchases
of goods and services for national .de-
fense appesr to be stabilizing now, but
this follews & decline from an annual
rate of $79.£ billion in tha [ourth quarter
of 1968 to 571.8 billiom in the second
quarter af 1971. If military and civilian
employes compensation is exciuded in
order to focus on purchases from the
private economy, the decline was even
greater, Total defense purchases feil
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from 8.9 percent to 6.% percent of GNP
over this period, and purchases from the
private economy from 6.0 percent to 4.1
percent of private GNP.

This reduciion has meny implications

" for economic policy. A significant

change in defense spending affects the
fiscal posturs of the Government, the
distribution of resources between the
private and public sectors, and the pro-
portions of the Mation’s output which
are available for defense and civilian
purpases. Sudden shifts in defenso pro-
grams can crente imbplonces in the
economy which require compensatory
ondjustments in monetary and fiscal
policy.

Despite the subject’s importance,
information on dafense activity is in-
adequate for the needs of economists
and policymakers. One of the major
shortcomings i3 that there is little
reliabla information on defensa produe-
tion, i key veriable in gaging the impoct
of dafense activity on the economy. In
the natonsl income and product nc-
counts, which are the main tool for
studying the economic impact of de-
femise netivity, thoat sctivity ia messured
by purchases (deliveries). This is un-
satisfactory, because much of the
impact oueurs eorlier, when production
takes place. Totol defense production
cannot be measured in the present
national secounts Framework becnuse
sdequote data are lacking on the change
in inveniories of defenss goods, which
mush be added to purchases in order to
gel the messure of total production.
{Dnfense inventories are inc¢luded in
GNP na part of chonge in business
inventories {(CBI), but wre not sepa-
rately identified.) Ono of the aims of
this article i= to gnge the magnituds of
defense production and defense in-
vantory changa.

The data source for this study is &
sample of 51 defense procurement con-
tracts largely owarded during the
Vietnam buildup. The daie ware col-
lected from contractors in 1989 by 3
Defense Department study group as
part of the CGovernment's effort te
implement an accrusl accounting
system.

Baged upon an analysis of these
contracts, this article will (1) discuss the
sample data on obligations, production,
poyments, and deliveries, (2) use »
statistical model to estimate delense
production during the 1965-71 period,
{3) adjust the national accounts (NIA}
seties on defense purcheses, CBI, snd
Fedoral Government surplus or deficit
to reflect the estimates derived from
the model, (4} suggest several possible
data problems, and (6) explain in
detail the mathematical derivation of
the model.

Most important, the article will show
that the time-pl-delivery method nsed
for recording maost defense transnctions
in the national incomo nnd produet
accountz hns given inndequate signals
of the impact of defensa activity on
the economy during the Vietnam war
period. Specifically, the article will
show that tho delivery method of re-
eording defense goods and business
inventories understated the expansion-
ary impact of defense activiéy from
mid-1965 threugh 1966 nnd under-
atated the impact of the decline since
Inte 1968,

The Sample Data

Az notad sarlisr, the sample datn
were collzeted ns pert of the Defonse
Dapartment’s work in establiching o
gyatem of accrunl accounting. Along
with ather Government agencies, tho
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Table 1.—Chararterintiocs of Delesin
Contract Sample
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DOD is working toward recording
expenditures on an acerual rather than
a cash basis, a5 recommended by a
Presidential Commission in 1967.' For
work producsd to Government order,
such az on defense procurement con-
iracts, ncerued expenditures are to be
recorded at the time of “‘constructive
delivery,” defined as the time when
contractors perform work and incur
costs on the contracts? {Goods pur-
chased “off-the-shelf” would be re-
corded under the acerusl concept at the
time of physical delivery; employee
compensation and other payments for
services would be recorded at the time
of performance.}

The pracurement corntract sample

It was not possible to derive the
sample of contructs usad in this study
in & scientific manner becouss informa-
tion on the characteristics of the togal
“populstion” of outstanding DOD con-
tracts does not exist. Instend, 12 largs
prime contrnctors provided dati on
monthly orders, costs, and billings. For
ula Govecivasnt ERGANE Offoe, Octoties o1 127

2, Sep.d Fival R st S Procpcd; mpn of dhe 0D 2
Diudg (Troxp ¢k
[Aceruol Accounilng lmplpyatoden), T8, Dopatmant of

Dofimer, May 1870,
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purpeses of analysis, befween two and
five contracts were selocted from each
contractor, distributed as evonly ns pos-
sible by size and time of performance.
The total sample (tabla 1) consisted of
51 eontracts for major hardgood pre-
curament items whose value approxi-
mated $2.8 billion. Al of the contracts
wers bagun prior to 1969, most begin-
ving soon befare or during the sherpest
phase of the Vietnam buildup.

Production, peyments, and deliveries

Although some economic activity as-
socinbed with defense contracts, e,
output associated with resesrch and
developmant, or investment in new
plant and equipment, may occur before
the contract orders are placed, tha
major impact ocours when production
on the contract tokes placa.

The cumulative value of production
st any point during the life of one of
the sample confracts was approximeted
by the acerued costs of the prime con-
tractor plus the contractor’s finul prefit
sllocated over the life of the contract
sccording to the time pattern of deliv-
eries. This sum equals value added by

. CHART W

Olrigatians, Praduction, Payments, and
Deliverins, All Sample Comtracts, 1964-68
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the prime contractor plus value added
by all other businesses contributing to
the finel output under the contract, 1.2,
subcontractors and their suppliers. It
reprezents the incomes genersted in
prodoction (including depresiation and
indirect business tnxes) and is theorati-
cally equal to the standard definition of
production as the sum of delivaries of
finished geods plus inventory chonge.
The payments date represent the is-
suance of checks by DOD disbusing
officars. Payments for major hardgoods
reflect a blend of prepreduction pay-

"ments (pdvhnce payments), payments

roughly coincident with produciion
(progress payments), and payments
lagging production (fnal payments).
The major differences between pay-
ments apd produckion oceur hecayse
progress payment2 do not fully cover
the vehie of production. At present,
progress payments oversge about 85
percent of production costs, with the 15
percent balance peid only after final
delivery. Because both poyments and
deliveries lag production, hoth messures
sre unsafisfactory indicators of changes
in defense cutpnt.

Chart 10 shows obligations, pay-
ments, deliveries, and production data
aggregated from a1l §1 semple coniracts.
(The obligations series consists of con-
fract awerds and subsequant modifica- -
tions to the contracts.) On the averags,

.the chligations incurred on procure-
.ment items lesd production by about

six months whila payments and de-
liveries lag production by shout fwo
months and six months, respectively.
Another way of depicting the rela-
tionzhip among payments, deliveries,
and production c&n be seen on chart 11,
which shews data caleulated by
beginning wsll 51 contracts et n
hypathetical month zere wnd continuing
them for 40 months. “Unpaid pro-
duction® is production on the contracts
less- payments and “undeliversd pro-
duction” is production less deliveries.
At the end of 20 months, eumulotive
Iroduction exceeds cumulative pay-
ments by about %335 millien, or 11
percent of iotal obligafionz, and ex-
ceeds cumitlntive deliverics by approxi-
matcly ¥1 billion or more than oone-

_third of tofal obligations. Thess samypple
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Table 2. —Estimated Produstion on Defense Prorpesment Contracts, Actual Payments, snd Actus] Deliveries
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data suggest that any significans in-
crease in defense orders will resuls in
production pdvancing considersbly
more rapidly than payments or de-
liveries. The data also show that when
orders slacken, payments and deliv-
grica  declime less  rapidly  than

production.

I CHART 11

Gumulative Yake of Undefivered
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AN Sample Contracts
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Estimates of Defense
Froduction

Estimates of aggregote production
resulting from wll defenze contracts for
procurement items were obtained for
the period 1964-IV—1971-IT by use
of the econometric model developed
from the contract sample. The deriva-
tion snd estimation of the modsl are
deseribed in the Anal section of this
articla. The estimates of production
resulting from oll dafense procurement
contracts (table 2} wore derived with
equation 18, using changes in lagged
valuss of unpaid obligations out-
standing {U{) as explanatory varsbles.
The TT0 series was obtained by elimi-
nating doublacounting of intra-DOD
oblizetions from ‘‘gross unpaid cblige-
tions outstanding Ior prosurement’’
{@GUOO0} as published by DOD.?

As indicated by table 2 and chart 12,
changes in payments and deliveries
logged after changes in estimated
defense production during the Vietnam
buildwp and the recent defense slow-
down. BDuring the initial buildup from

3 The data i enlig B ogn production, ren ks, b
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nanen Hneluding . b i equATIment,
nnd aleetronics and cmTIo Ok Uos alpoienk.

the fourth gquarter ol 1064 to  the
fourth quarter of 1966, estimated
production ¢n  defense procurement
controcts incrensed from $14.2 billion
(annual rate) to $21.6 billion, & rise of

I, CHaRT 12
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$7.4 bilion. In the same period,
peymenis on defemse precurement
contrects incressed only $3.4 hillion
and deliveries only $2.8 hillion, In the
slowdown period, estimated production
decreased from & rate of $25.5 hillion
in the fourth quarter of 1968 to $17.4
billion in the fourth querter of 1970, a
dvop of $8.1 billion. In the same period,
payments and deliveries declined only
$5.0 bilhion and $4.7 billion, respactively.

The paps were widest in the second
halfl of 1966, when production excesded
payments by $3.3 billion {snnual rate)
snd deliveries by $4.4 billion. These
data stronply sugpest the inadequocy

SURVEY OF CURRENT BUSINESS

of either payments or deliveries dnta
in providing economic analysts ond
policymakers with information on the
magmitude or the timing of defense
activity during periods of rapid change.
This strongly supports the desirnbility
of developing additionat statistical
estimates of defense activity end its
impact within the framework of the
national income and product accounts.

Adjusting the NIA Data

By the standard definition vsed in
the matiomal accounts, production is
the sum of daliveries (purchases) of -

Bepternber 19TL

finished goods plus inventory change.
Thus, sn estimate of defense-related
inventory chsnge in the private sector
con be derived as a residunl by sub-

" fracting deliverics from the estimate of

production. Thiz is shown as the [ast
lice in éable 2. Alihough none of the
date in table 2 are seasonslly adjusted,
it is assumad In the following staps
that the estimatad series on defense
inventory change has no significont
seasonality.

If esiimated defense inventory changa
is ndded to the published N1A defense
purchases series, the lotter is convertod
to something much mere clasely ap-

Table 3. —Tablished and Adjusted Series for National Defensc Puarch asce, Federal Barplua or Dufieit, and Change in Busiuess Inrenborfes

|Btiars af choftars]

Coleadar Y ear 1084 1084 1034
1085 198 1947 Lo8d 10 1970 1w 1 L1 1 v 1 il it 1
Benaally ad]moted &t ool ey
Tumanl defrrne purchkne:
Fublished M 1A serief oo oiaual a0l . T TL4 8.3 4 Tt oo 48, 8 [ 5.1 Ho§ 55,3 -] .2 a6, &
Adjrod mEe e an 5% .2 Tl TIL & A1 Tha o, 48 B 3 LB .7 T L 1M ] i3 5
Chags in W 1A wries.. e 1h 8 1L7 58 .1 L2 1 PP -3 ] . i a 4.2 + 0 LEF
Change In ldh:ltndw.‘lm I 1z 1 o £ =1.1 foi 111 PP a L B [N R 3.2 41 ba
Feders| warplae or defpedi {=):
Pablitmd HIA Berled coriarr - erar 1.2 -3 =lnd =k A =l b -4 (x) LT —51 - L 14 FAL —-1.z —i.1
Adiusled serbed, s i . =471 =1bi -7.7 T =H-5 - i 1.7 %4 —LE —1.8 A -1 —Bh
Chbrigg {n N IA, Beticd, ., s =l.4 | =122 51 14,8 [ —BLt[ ... 11 X —nd i F-] 1.4 -,z —L.t
Cctibge {1 ad|asbied Bep]in,, enrmer] =T | =l Tk FLE R ] I N PO i1 -2 -8 -3 ] .4 —5.3 —a.t
Chaigein Tuslneds | oranlodm:
Publlakud M1 sorbes . HE B I 7 | Tk B Ly il AT ™l [ L3 142 n.me LI ¥
FEIEN =Ty [ P A 12 . ¥, } -4 | Y 4.0 .8 B [ 34 T5 [N 134 a2.0 16
Ghm‘lm n H1A sovles ... 52 =8 —Ir1 i —AF | 4.F — 4 .2 B 1A (N —4,]1 B
Thange nnct.hutl:d =orlen 24 —5 8 R 1L.B -8 |- Al Y -0 .3 —. 0 h.4 L %) —i.8 T
Emlwunird defoeay Inventory chinngs:
[Prodoct] on Teas delvieresha._.... LI 5 T L2 -4 A | 1 1.0 1-4 ks %3 ¥ ) Lé a4 9
J—
1987 13 10k 1510 b1 1]
-y
1 1k LL1S 1v I 11 nr ¥ I i m Iv ] 11 nt I¥ 1 L
Bnmuﬂ.ll:ra.d-hﬁmd ok manual rates
Hatioanl defanmw parchmma:
Fiablihed HIA serkd....oo.oa. .0 1.8 T30 .7 VLS 3| Ml maf mal A M n-X ] o0 TE1 ™ o2 A TLE
Al S i) TRE Ha| w1 .5 TB.2 A B LD | M| THA] TS T8 . -] Ti.E .3 L Tk &
ot i NI b, . .o . L3 (] LI L.F L5 1LE N A =1l1] -8 Lal —-to Al =-iE =1 -4 -l =1l.1
Lhangt in o aded mHEE ... ... LF L1l B L B La i 13| =)0 =1.8] =1 (—Lt L] =1 —~i-& -3 N -8
Fedadral supban dr daldedl (=H
Pllhllﬂlbd HH. peried_ . ..o =Dl [ =125 | =121 | =00 | =Th A =Ll T =R =11 *l | 1.7 LS 34| =45 =ldl | =154 [ =205 | =128 [ =24
Al jagsied [E—————— L LT T T R TR BT TR e T R N BT I T B [i8 | =28 —-1L1 | —-L5E | =8 | =145 ¢ -3, 3
Cliange In HL&. serim-,. careae——f =T & - - B 5 -1, 4 13 28] 10.% Ll | =h =17 -7 —1L g =1.1 =k.1 4.4 =41
Chango i adpesbod aerpes ., § =f1 - ] - .0 F i -] Bl i.4] Il 1.4 N —3| —§4] =13 ff| =88 4.4 =T 1
Clangs m business imranioem:
%] T na 8 [ K} T 51 E.d8 b.A in4 &7 A il %1 &y 2 BT
Zh i) | L 5 ] a5 413 3] 1.8 [ %] =8 +d i &4 in n
—fl A 1.3 =11 &7 | =11 ol ] =B - A | =LT) =53 LT 01 =LA4 —.B .
s —+ 3 K] A =B - TE|—~L2 — 5| —-I.KE L& L | =RZ| =80 =1 td -4l — 7 il
Esilmattd defgnpo Inventery chamgo:
(Ereduction ks delbeorth . .. &F a3 L3 LT LI 4 LG LT A =L 26| =) =2 —kd| ~LU[ =L7 =13

- ey po—ia o5 of Lhe SuR¥YEY (poa ol pafe 0.
Boams! Estimaled defngg ) by chioh b 3 LA Bwres—rurioos loooes be & {poa **[lipborlced Saviafhs" nobe L



Septamber 1671

proaching n defensa production series.*
This edjnstineot is shown in table 3
along with the associated adjustments
in the chapge in business inventories
companant of GNP—rom which ds-
fense-related invenicry change is sub-
tracted—and in the Faderal surplus or
deficit on . the NIA basis—which is
adjusted to reflect defense production
rather than purchases (delivericg).
These adjustments do not affect total
(GNF, only its composition.

The published NJA defense pur-
chasez serjez yose $10.8 billion in 1966
and $11.7 billion in 1967, and Fell $3.1
. billiox. in 1979. Adjusted to o produc-
tion bagis, howaver, the saries shows an
meressr of $12.8 billiom in 1966 and
$10.2 billion in 1967, and a decline of
$4.9 billion in 1970, Consequently, the
Federal budget position, after adjust-
ment to make defanze spending coincide
with productien, shows o steeper shift
into deficit in 1966 and o somewhet
smnller shift into deficit in 1970.

On a quarterly basis, a similar piciure
amerges from fhe daia m tahle 3.
During the sharpest phase of the
Vietnam buildup, from lste 1965

throngh 1966, the guarterly incrense
in the adjusted defense spending seriss
copeistently sxceeded the incresse in
the published NIA defense purchases
series. The situation wos oppodite
during the de-escalation phase in 1969
and 1970, when adjusted defense spend-
(ing genarally decrsased much faster
than the published NIA series. Bimi-
“larly, the Fedexal fiscal position, as
adjusted, suggests (1) & considerably
more expansionary fzcal policy during
during 1965-66, and (2) o more Ie-
sirictive stance sines 1940, than indi-
cated in the published figures on the
NIA surplus or deficit.

Possible Data Problems

Therea are o number of hazards in
applying the model snd coefficients
developed from the sanple to the much

*-'T"llt umuﬁ? ufdrl'mm prodmlunmd reariory ehm
r ame ligluded [n the “Protarcmen ol
1;0 Ludgot {we kglarba 3. Il-inhmmdalhr'rr :huz
rificunt devhatione ecour bebween dip Gmn of el E;w.u
Lon und the Umes of poormonk amd deilrecy, Tn 194, do-
frardlansen) gf “Proginemrin” ibers poogankod for
zbout $20.6 KNI Gnlsn T OF Glm K754 bEGKM bobn] LA
dedonp oo Duccliuaes; (e srbeiider consmed of: empleyen
a2 S I, stract [ TEY I.lllll:uﬂ u'rHl alk
ﬂhﬂf Mand uﬂvms, 3 Nluu':?'
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larger, and perhops wmuck different,
total population of defense procurement
Lontrects.

First, as indicated emlior, the sample
of 5] contracts is neither a randem nor
& representative sample of the total
popletion of defense procuzrement con-
tracts. It comsists primarily of Navy
and Air Force aircraft, rmissile, and
glectronics contrgeis. Omitted com-
pleiely are ship construction and “soft-
goods” contracts as well ss Army and
Marine Corps comtrects. Sinee much
of the producdon buildap associated
with the Viatnam conflict involved
siuch items as ammunition, riffes, eic.,
necessary to fight a conventional war,
us¢ of ® contract sample henvily
weighted toward more sophisticated,
stratepic weapons could significantly
bigs thae estimators.

Second, it is unlikely thaf the profic
rate on [rocurement contracks is con-
stoné over time, as assumed in this
sirdy. The value of aggregale pro-
duction on all procurement controces
was estimated by use of the relationship
beiween production and unpaid oblign~
tions established from the sample. Since
profits ave Included In the value of
Produciian, the average rate of profit on
the sample contractz wes in effect s
sumed to held for all procurement
contracts. While the assumpticn that
the sample contracts generated *‘typ-
ical” rates of profit is comsidered rea-
sonakle, there is no doubt that profit
rates on defense contracts may fluctu-
ato from year to year. As aresulf, actual
fluctetions in production mey be ob-
scured if they mre necompanied by
shifting prefit margins.

Third, the adjustments made to the
GU geries to aliminate double-
counting may be inadequata. Doubla-
counting occurs when ona military serve-

' iee oblizates funds to another sorvice

te prosure certain goods from private
sontractors. Both the mtra-Defonses
Department obligations and the obli-
gation b the contracter are counted
in the published GUOOD series. The
sxact extent of double-counting is nat
known, but estimated at nbout 15 per-
cent to 26 parcent of GUOO in the
1964-69 period. To correct for louble-
counting, the published data were
lowered by a constant 20 percent, o

25 .

ratic suggested by certein Defenso
Department dats.

Fourth, tha published GTTO0 peries
excludes obligations by revolving and
mansgement funds, which serve s
intermediaries batween the obligeting
military servies and the private sector
for the precurement of meny items.
Obligations by such funds may precede
or lag the related obligations in the
GUOO series, and this can distort the
timing relationship between the GTTOO
series and production. Far example, an
oblization entered into the GUOO
series for goods aiready in the inventory
of a revglving or menngement fund will
lag the origingl oblipation by the fund
for the procurement of the goods.
Conversely, obligations entered into
(GUO0 can precede obligations by the
funsiz if tha goods to be procured hava
yet to be manufectured. .

Any of the data problems noted
ashove could introduce systematic bias
in the production estimates, but the
extent of such biss cannot ke deter-
mined. It is hoped that the bies is small
ond coss nat sexiously distors the impli-
cations of this nnalysis.

Derivation of Model

Wa start with & model in which new
orders for defense procurement items
{HQ) placed in a given period will lead
to production {Q} in the same and sub-
sequent paripds in & pettern of fixed
pmpartrmns {A)) to the initial NO. This
moddel is represented b}r the following
egnation:

{1} Q;=:El A NO e

‘whara
3 A=1, and n is the number of
- periods in which production
on an WO ocoars.

Nexi, we introduce an identity in-
volving Q, NO, and unproduced orders
(U0, as Toligws:

[2} ﬂUDg=N0§-Qp

Substituting (1) in {2) we obtain
11
(3} AVO = Nﬂt-ﬁﬁi Ny, *

Weoxt, we wank to write (3) so that it
invelves only AU and Q. 'To do so,
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we infroduce the lag operator AL
where

4) AL)=A,+AL+AL
C A,

Substituting {4) in {3} Zives
(51 AT =NO,—=A{LING,, or

8) AU, =1—A(L)INO,, or

5 TREVO= N0,
(3 BA)aUD =N, i we set
Bl)=1—xm.

Substituting (8) in {2), we have
{9) AUQ, =B {L)ATID,—Q,, or

(10) Q=B L) —1]4TF0..

We hove nnw raplaced an expression
involving € snd NO by one involving Q
and ATIO.$ Hext, we derive the regres-
sion equotion actually used, If we define
[BL]—1] in {10} as {L), we can ex-
]:-und {1%) to read ss follows:

(%) Q¢= G AUO+GeaUO, +
GalU0 a4 .

This form can be chengad {urther by
introducing the level of UQ, inte the
oquation. We can writa the lavel of TO
sl time t as & sum of changes in UD's

+AUD 4+ . ..

and when (12) is muitipliad by a con-
stant, a*, we obtain

(13} a*U0, =a* ATO,
+e* AUQ, — +a* AUQ_+ .

Bubiracting the right-hand-side of (13}
frgm its left-hand-zside snd adding the
resuliing expression (whose value is
zero) to the right-hand-side of {11}
yielde
(14) Qi=0*T0-{G;—a%
.&U‘D‘t +{G;|—' ﬂ*} ﬁUﬂ;—] + {G‘s—ﬂ-.}

&UD‘-E—,_ 04" e

b Bee, jr exmple, E-'F.I. Qrfiches, Trntribnted Laga:
Bartayr, M bq Tanmary ef, &
E.anldumul'thehﬂ b bec] unreq‘ulmtlmt Hi
dorioed lag be dynam ya!.n-hlc.s by deponds on Le
rbﬂ‘t-lol't!‘:dpu)punm Ty I-ALY. quthu ol used
frn thle ybudy, 3iabH alvaye saored Legous tho AL 83
?ﬁ?ﬁln‘ mﬂf’&-m hmtln:lmdirrjvvld

r

ATT0 will nol Lermbiwte. Az will be sliotin, hm:gwr [] l-m.ﬁ

g

thenn which frvolves Uin lovel url.‘.ll;l eaak resml® dn e
thee lage which s very shovl. e
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The velue of the constant, a*, in
{14} iz derivable from the lag operator
B(L). 8* can be seen nleo a3 agualing
the ratio of tha aversge () on en NO
over the n periods raquired to produce
the NO to the average TI0 associated
with that same N{». This, in turn,
cquels the rotio of § to U0 in 3 situa-
tion in which # constoné level of NO
has been maintained for at least n

periods.’

Rodefining the terms in parenthesas
m {14) as (&, —1*1=n,, we have the
final form of the equation a5 uzed in this
stody:

(1&} Q;=a"UDt+n1.ﬁ.UD,
+ 8, AT, +2ATUC, 4 . ...

The introduction of a* and the
level of UO has a distinet adventage
over the use of the lag structure ob-
tained on the basis of change terms
only. Depending vpon the original
distribution. of the A, end the amo-
cinted convergent properties of the lng
operator, the &, given in (15} csan be-
come very small aftar only & Faw terms.
This can be szen from en exemination
of the term:z in parentheses in (14)
whaere convergence of the G, fo a®
implies convergence of the a, o zero.
In the present sindy, as will he seen
from an graminetion of the regression
results given below, the undeslying
praduction pearametar (A,) distribution
lod ta & very short effective lag struc-
ture, from which rapid convergence
eould be inferred.
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Further comments on model
The following comments are intended
to Tound out-the foregoing explanation
of the model. First, the consideraiions
that led te the adophbion of & model in-
volving fixed production lags are not
disenzsed in thisveport. Second, the re-
lation between @ and U was substi-
tuted for the more tranzparent relation
between @ snd NO primarily becsuse

. the latter invelved & very long lag and

it was desirable to tircumvert the prae-
tical difficulties that ariss when lang lag
siruetures must be estimated from o
smwell sample of observations. Third,
unpaid orders wera substituted for
unproduced orders (UQ) because the
GUOO series relates to unpaid rather
than unproduced arders, and the GUOO
seriss (adjusted to eliminate doubls
counting) was to ba vsad in sstimating
production under the total of all pro-
curement contracie: the sample series
had to be defined correspondingly so
that the relationshipes derived from the
sample could bs used to estimate total
praduction under ali contracts. Fourth,
the regression technifques were applied

(Continued on puga 51)

I CHART 13
Acte) amd Estimated Production,
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.. gpending for plant and aquipment s
not lirnited by OFDI regulations.

Affiliates in Schadule B countrics

{inclading the United Kingdom, Japan,

| pnd Avstralia) except to increass spend-
!

ing 12 percent i 1971 and 4 percent
in 1372 tc $4.2 hillion. Affiliates in
Schedule A countriss (including meost
of the less developed countries), ifor
which contrels on capital outflows are
most lenient, show the largest prowth
in 1971—a tiag of 16 percent. An
incrensa of B parcent to $4.0 billion is
sxpacted in 1872,

Noté on methodology

The apending projections presentad
hera wers prepsrad with o revisad
method to eliminate—or st leest re-
duce—any aystamatic bias in responses
to the four expecietions survays taken
for eack yaar {in Jone and Deacembar
of the preceding yesr and Jume and
Decomber of the year in goestion, ia.,
A, B, €, and D reports}. The revised
method has two primary advantages
over the old method. (For a complete
discuzston of the old method see the
technical note on pege 46 of the March
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1989 1ssue of the Sorvexr.) The hrst
ndvantoge of the new method is that
it ralies on axparience over the last &
¥ears fo adjust for possible bias in the
current projestion. The second advon-
tage is that the mothod is applicable at
disaggregatad levels, thus making pos-
gible tabulation of cell data on o biss-
adjusted Dasis.

The first atep nuder the new mathod
wes to ealevlata, Jor the 1971 & and
1572 A reports ssparetely, ratios of
actual spending (the final £ estimate)
to the reported expectation, for ench of
the previsus 5 years. No bias adjust-
ment was made uniess there was s
deviation in the same direction in Bt
lanst, 4 of the 5 years. Also, no sdjust-
ment was made to items below 310
million, When en adjustment was nee-
esssry under thase critaria, the median
ratio of actual to expecied spending in
the S.-year period wase applied as an
ndjustraent factor. -

The decigion as to0 whether the first
(A) and szecond (B) survay estimates
for a given yaar nead adjustment must
be made withont acstnel/expected ratios
for the preceding yeer since there are
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no actual Bgures yot availeble for that
year. In deriving the bira-adjested 1072
date presented here, the years 1966-70
wete used since actual data for 1971
ara not available. In calenlating biss
sdjusztments for the thicd (<) and fourth
(D) estimates of 1972 spending, the
years 1967-71 will ba used since final
1971 date will be availabis.

The tables published in this article
were prepared by spplying the “Eour
out of five” rule ag or helow the lowest
published eonntry-industry date cafl
pnd then summing up to the publighed
total: by industry and area.

A eomperison of bias-adjusted pro-
jections derived mnder the old and.iha
new metheds indicates only miner
differences for the 1971 @ projaction but

major differences for the 1972 A
projection:

Million 5 Ferosnt ¢hangs
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{Continved from page 34)

te the sample data after they had been
reprrangad so that production on pll
sample contracts wae treatéd as begin-
ning st the same tima, i.6.,in o hypothet-
tcal month zero. This rearrangement of
the sample data was designed to deal
with cartain difficulties that stemmed
from contract renepotiations. I is
epparent that these two modifications
of the basic Q-UQ model muy introduce
errors into the calenlations. Attempts to
define the direction, lat alons the mngni-
tude, of these possible errors in & manner
Lelpful to the evaluation of the resulis
have been unsucceseful. Other limita-
tions of the study are discussed in the

previous seetion which desle in grester
detail with the sample data.

Estimation of the model

Fquation (15) was cstimated using an
Almon lag. A second degree polynomial
wes used with the resiriction that the
voefficient {a) of the last lagged vani-
able have the value of zero. This was
justified, becauss the influcnce of suc-
casspve T0s diminished quickly.®

{16} Q.= 0980 UO,— 1173 AUQ,
(52.3) {—4.13)

- JJEEB'! I':I. Uﬂg_] - -0‘1-33 i‘i UD;._Q
{(—6.79) {—2.31)

B. A third Guproe lal ond diifto ] WL
il b shis pelyom rent g kogths

R*=.051, Durbin Watson statis-
tie=1.10, ptandard svorfmean of de-
pendent variable==.118, ¢t ratics in
parentheses.

The coefficients on the lagged wari-
abias detariorate smoothly io zero, tha
t ratios for a*, &, and 5. are significont
ot the 99.5 jpercent level of confidence,
and the t roetio for ny is significent at
the 97.5 percent level. With 33 obser-
vations and a Durbin Watson statistic
of 1,10, the hypothesis that significant
sutocorrelation of the error terms exisis
iz not nccepted at the 97.5 percent level
of confidence. .

The sctusl and predicted values of
production on the sample conbxacts are
shown on chart 13.



